.-Lipid content and virulence were studied in six isolates of Histoplasma capsulatum in an attempt to determine whether or not the two factors could be correlated in this fungus. Virulence was evaluated by injecting dba line 1 male mice intracerebrally with 2.8 x 101 infective yeast-phase units and recording organ involvement and spontaneous deaths occurring in a 20-day period. Yeast cells were extracted with mixtures of ethyl alcohol-diethyl ether (3:1, v/v), and the total extractable lipid, as determined by solubility in petroleum ether, was separated into acetone-soluble and phospholipid fractions by acetone precipitation. Neutral lipids were measured directly by weighing, whereas total phospholipids were calculated after the colorimetric determination of phosphorus. The mixed phosphatides of two isolates, differing in virulence, were separated into five fractions by use of a column of silicic acid and Hyflo Super-Cel. In the six isolates studied, neither total extractable lipid, acetone-soluble lipid, nor phospholipid showed a quantitative correlation with virulence. Phosphatidylserine, cephalin, phosphoinositides, and sphingolipids were present in essentially the same amounts in the two strains investigated; however, a lecithin fraction was absent in the less virulent form. These data suggest that the quantity of phosphatidylcholine demonstrated for a given isolate of H. capsulatum may provide some insight as to its virulence, although such a relationship is lacking for total lipid, the acetone-soluble fraction, and the combined phospholipids of yeast-phase growth.
In 1950, Bloch (4) published a paper on the isolation of a substance from Mycobacterium tuberculosis termed "cord factor," which was highly toxic for certain strains of mice and appeared to be associated only with virulent bacilli. Noll and Bloch (11) reported the chemical struc- ture of this material to be trehalose-6,6'-dimycolate, and, subsequently, Kato et al. (8) showed a decrease in the activity of certain dehydrogenase enzymes in liver homogenates after the intraperitoneal injection of the substance in mice. These findings supported earlier observations 1 that the activity of succinic dehydrogenase decreases with an increase in the severity of experimental tuberculosis. Although lipoidal compounds analogous to the "cord factor" have not been found in the human pathogenic fungi, the fact that many similarities exist between the pathology of tuberculosis and some systemic mycoses (16) suggests that the factor(s) responsible for disease might also be similar. In a chemical study of assorted fungi, Peck and Hauser (15) observed a qualitative difference in the phospholipids of saprophytic species and those which are pathogenic for man. Peck (12) rev/min to sediment large cell aggregates, and the supematant liquid was carefully removed by aspiration. Each suspension was standardized by the platecount method to contain 5.6 X 10' infective units per ml, and 0.05 ml (2.8 X 104 infective units) was injected intracerebrally into young adult dba line 1 male mice weighing between 12 and 20 g. (An infective unit is defined as any condition which would give rise to a single colony on Sabouraud Dextrose Agar, i.e., a single cell, a budding cell, or an aggregate of cells.) Virulence in each isolate was evaulated on the basis of spontaneous deaths and organ involvement in two groups of 10 animals in a 20-day period. Portions of brain, liver, spleen, and lung from injected animals were removed at autopsy, macerated by repeated chopping with scissors, and cultured on Sabouraud Dextrose Agar containing chloramphenicol (0.05 mg/ml) and cyclohexinide (0.5 mg/ml).
Prior to extraction, yeast cells were killed with 0.5% formalin, washed three times in distilled water by centrifugation, and suspended after the final washing in a known volume of distilled water. The dry weight of the total sample was calculated from the average weight of five dried samples.
Total lipids were extracted and fractionated according to the method of Hanahan, Dittmer, and Warashina (6), modified to include a mild hydrolysis with 1% 1.0 N HCQ after extraction with 95% ethyl alcohol.
Phospholipid phosphorus was determined colorimetrically by the method of King (9) and recorded as micrograms ofphospholipid phosphorus or percentage of phospholipid, according to the method of Hawk, Oser, and Summerson (7) . Acetone-soluble lipids were measured directly by weighing, after the evaporation of this fraction to dryness.
The mixed phospholipids of isolates G-12 and H-100 were separated into component fractions by chromatography with a column of silicic acid and Hyflo Super-Gel, as described by Hanahan et al. (6) .
Fractions were eluted with a series of chloroformmethanol mixtures (4:1, 3:2, 1:4, v/v) under positive pressure with nitrogen gas. Phospholipid phosphorus was detemined on every fifth tube of eluate.
RESULTS
In a series of preliminary experiments conducted for the purpose of measuring the dose response to isolate H-100 for dba line 1 male mice, the intracerebral injection of 2.8 X 104 infective units was found to kill 50 and 100% of inoculated animals in 10 and 20 days, respectively. On the basis of these observations, this dosage was adopted for use in the present investigation.
The results of two experiments in which the death-producing properties and recovery from infected organs were evaluated for the isolates in question are recorded in Table 1 . From these studies, it is clear that isolates H-100, G-8, and
Strauser were most virulent. The death rate of animals exposed to these strains ranged between 80 and 100%, and the fungus was recovered from 50 to 100% of cultured organs, including brain, lung, liver, and spleen. In contrast, isolates G-12, G-17, and 6651 killed only 40 to 60% of inoculated mice, and the number of organs supporting fungus growth after 3 weeks of incubation differed significantly from that of the previous group. Cultures of brain were positive in 30 to 70% of injected animals, whereas macerates of lung, liver, and spleen tissue varied from 0 to 30% positive.
Animals dying spontaneously after inoculation were free of gross symptoms of histoplasmosis, and the histological sections of brain stained with hematoxylin and eosin and by the periodic acid-Schiff reaction showed large areas of monocytic infiltration, but few intracellular yeast. Evidence of meningitis from microscopic preparations was not a constant finding in surviving mice, which were autopsied at the end of 8 weeks. However, in the majority of animals which were subsequently proven to harbor the fungus by culture, lesions were observed on the viscera and omentum, and, in some cases, hyperplasia of the liver and spleen was present.
Generally speaking, the quantity of lipid demonstrated for a single isolate appeared characteristic and showed a reasonable degree of conformation between replicate studies. The acetone-soluble component of yeast cells ranged from 4.9 to 9.2 % by dry weight, whereas phospholipids varied from 0.26 to 1.25 % ( Table 2) .
The order in which the six strains occurred, in reference to quantity of acetone-soluble fraction, paralleled that for total lipid. Based on the results of two studies, isolate H-100 contained Table 2 (P1-ASL ratio). Of a total of 416 pug of phospholipid phosphorus from G-12 which was added to the silic acid column for separation, 351.5 ug, or 84.43%, was recovered in the combined eluate. Corresponding figures for H-100 were 520.0 Mug of total initial phospholipid phosphorus and 446.0 Mug of recovered phosphorus, representing a recovery of 85.7%. Both values are near the expected percentage of recovery for this method (6) . In both strains, the phosphoinositide fraction accounted for approxinmately 50% of the combined phospholipid phosphorus. Cephalin was present in amounts ranging between 20 and 25%, and phosphatidylserine and the spingolipids each comprised about 10% of the total phospholipid mixture. Lecithin occurred as 7.84% of isolate H-100; however, this fraction was not demonstrated for G-12. These data are recorded in Fig.  1 and in Table 3 . DISCUSSION Peck and Hauser (13) found yeast cells of B. dermatitidis to contain 8.5 to 9.5% lipid by dry weight. Phospholipids made up 0.7 to 3.0% of the organism's dry weight and constituted as much as 34.3% of the total extractable lipid. In a subsequent study, these investigators (14) reported that Candida albicans contained 5.3% lipid by dry weight with the acetone-insoluble component accounting for approximately 3% of this value. In both fungi, the combined lipid fraction represented a mixture of lecithin, cephalin, glycerides, free fatty acids, and sterols.
These observations are in close agreement with the findings of Di Salvo and Denton (5) for the yeast phase of B. dennatitidis. In four isolates of the fungus, total extractable lipids ranged from 6.8 to 12.3%, and phospholipid varied between 1.4 and 7.1% (averaging 3 to 4% in the majority of experiments).
Previous reports on the composition of H. capsulatwn indicate that a substantial amount of the fungus occurs as lipid. Al-Doory (1) found that free lipids of yeast-phase growth accounted for nearly 20% of the fungus, and that phospholipid phosphorus comprised approximately 0.2%. In a more recent paper, Al-Doory and Larsh (2) reported that the total extractable lipids of yeast cells ranged between 18 and 37.8%, and that the phospholipid component varied from 6.8 to 12.0%. These values are significantly higher for both lipid fractions than those reported in this study, although it is difficult to compare data, since different strains, media, and extraction and fractionation procedures were employed in the two investigations.
From the data presented in Tables 1 and 2 Lindegren (10) showed that lipid accumulation markedly affects the biochemistry of the yeast cell.
As illustrated in Fig. 1 , the chromatograms of isolates H-100 and G-12 were very similar. Phosphatidylserine, cephalin, phosphoinositides, and the sphingolipids were present in both strains in essentially the same proportions; however, lecithin was not found in the mixed phosphatides of the moderately virulent strain G-12. What significance this has in terms of a lecithin-virulence relationship remains to be established, although it should be emphasized that even the amount of phosphatidylcholine recorded for H-100 is exceptionally low when compared with that reported for other organisms. In 
